Objectives: Fanconi anemia (FA) is a genetic disease characterized by a chromosomal instability that develops a progressive pancitopenia, leukemia, and/or solid tumors. Nevertheless, it is unknown if this illness induces changes on the salivary gland parenchyma and function. The aim of this study was to assess the stimulated salivary flow rate (SSFR) and calcium, urea, total protein, and amylase levels in saliva of FA patients.
F
anconi anemia (FA) was first described in 1927 by a Swiss pediatrician, Guido Fanconi, who described a familial form of aplastic anemia in 3 brothers with short stature, hypogonadism, and skin pigmentation. 1 FA cells are characterized by chromosomal hypersensitivity to crosslinking agents and the resulting increase in chromosome breakage provides the basis for a diagnostic test. 2 This special kind of anemia is an autosomal recessive disease characterized by a severe refractory anemia with pancytopenia associated with brown pigmentation of the skin and a variety of congenital malformations. 3 Birth defects are found in the majority of FA patients. These defects can involve any system of the body. Among the more common birth defect problems or features are the following: short stature, anomalies of the thumb and arm, additional skeletal abnormalities, renal problems, skin discoloration, small head or eyes, mental retardation, low birth weight, heart defects, and abnormalities of the gastrointestinal tract. 4 FA patients show an increased risk of cancers of the gastrointestinal tract, including oral mucosal and tongue carcinoma. [5] [6] [7] These problems are usually seen after the first decade of life. Other oral lesions were already observed in FA patients such as leukoplakia, leukemia, and bacterial infections. 8 Actually, FA treatment is based on transfusion therapy, antibiotics, and hospital care in the short run. Longer-range therapies fall into 4 categories: bone marrow transplantation, androgen therapy, synthetic growth factors, and gene therapy.
Several researchers have made use of sialometry and sialochemistry to diagnose systemic illnesses, monitoring general health, and as an indicator of risk for diseases creating a close relation between oral and systemic health. 9 Adequate flow of saliva is a prerequisite for good oral health. Besides, physiologic levels of salivary calcium and urea are important parameters during the process of enamel remineralization. 10 Salivary amylase and total protein concentration are good indicators of the function of salivary glands and, thus, of the effect of general health or some diseases on the function of the salivary glands. 11 Actually, there have been few studies of the effects of FA on salivary flow rate and saliva composition. Thus, this study will analyze if FA is able to induce changes in the salivary gland function.
MATERIALS AND METHODS
This study was approved by the ethics committee of Pontifı´cia Universidade Cato´lica do Parana´-PUCPR.
Samples of stimulated whole saliva were collected from 34 FA patients (25 females; mean age 13.6 y; range, 12 to 34 y) randomly selected among 84 individuals diagnosed with the disease during the years 2004, 2005 , and 2006 at the Hospital de Clı´nicas do Parana´, Brazil. An equal number of age-matched and sex-matched controls were also investigated. All the participants were interviewed about their general health, medication, and smoking habits. Salivary sample was taken of FA patients immediately after the confirmation of the disease and before the treatment or use of medications. Only healthy volunteers were accepted for the control group, and individuals with any regular medication, substance-related addiction, illness, psychiatric disorder, or pregnancy were excluded from the study.
Saliva Collecting
Patients refrained from eating, drinking, or cleaning their teeth for 2 hours before collection. Saliva was collected at the same time of day (2 PM to 4 PM) in a quiet room free from external interferences. Stimulated salivary flow rate (SSFR) was obtained by chewing unsweetened, unflavored piece of latex for 6 minutes. At the end of each collection period, all the saliva was expectorated into a collection pot. The sample volumes were measured gravimetrically according to the method of BanderasTarabay et al 12 using a precision balance (MARTE AM200, Santa Rita do Sapucaı´/MG, Brazil). Hyposalivation was considered when SSRR value was <0.5 mL/min. 13 
Sialochemistry Analysis
Sampling tubes were placed in crushed ice immediately after collection. Calcium and total proteins concentrations were assessed using colorimetric test (Calcio liquiform, Labtest diagnostica, Lagoa Santa/MG, Brazil, and Proti 2, Winer lab, Rosario, Argentina). Urea and amylase concentrations were analyzed using enzymatic colorimetric test kits (Urea CE, Labtest diagnostica, Lagoa Santa/MG, Brazil and Amilase, Labtest diagnostica, Lagoa Santa/MG, Brazil). All sialochemistry analyses were realized 3 times for each saliva sample using spectrophotometric method (Spectrofotometer Siel 500, Curitiba/PR, Brazil).
Oral Dryness Evaluation
Signs of oral dryness were registered clinically by clinical observation of lip and oral mucosa dryness. Oral mucosa dryness was recorded when the investigator noticed the absence of a saliva coating over most of the dorsum of the tongue, buccal, and labial mucosa as well as the absence of pooled saliva in the floor of the mouth.
14 Symptoms of oral dryness were recorded according to Bardow et al. 15 Using the following questions: Q1. Does your mouth feel dry? Q2. Do you sip liquids to aid in swallowing dry food? Q3. Does your mouth feel dry when eating a meal? Q4. Does the amount of saliva in your mouth seem to be too little? Subject who answered affirmatively to at least one of the questions related to oral dryness were considered as positive for subjective complaints of oral dryness.
Statistical Analyses
Numerical data were analyzed using normality test of Kolmogorov-Smirnov, Levene Test for Equality of Variances, and Student t test. Differences were considered statistically significant when P<0.05. All data were tabulated and statistical tests were performed with SPSS for Windows 13.0 (SPSS Inc, Chicago, IL).
RESULTS
Normality test of Kolmogorov-Smirnov and Levene Test for Equality of Variances were used to evaluate all variables. These tests showed normality and homogeneity of the data between groups only for the SSFR and salivary calcium concentration (P<0.05). The SSFR and concentrations of calcium, urea, total protein, and amylase in the controls and FA patients are compared in Table 1 .
The average SSFR was significantly lower in FA patients than in the controls ( Table 1 ). None of the FA patients and controls had any symptoms of oral dryness. Nevertheless, 24 (70.58%) FA patients exhibited SSFR values lower than 0.5 mL/min (hyposalivation). For the control group, no volunteer showed hyposalivation. Clinically, no sign of oral dryness was registered for both FA patients and volunteers. Besides, no participants answered affirmatively to the questions related to oral dryness.
Calcium concentration was 36% (P<0.05) and urea concentration was 21% (P<0.01) lower in the FA group saliva compared with saliva from the controls (Table 1) .
DISCUSSION
Saliva plays a crucial role in maintaining the health of soft and hard tissues of the mouth. Radiotherapy in the head and neck region, some medications, and systemic diseases may affect salivary gland function directly or indirectly. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Diagnosis of salivary gland dysfunction can be made in the first instance by sialometry (measurement of flow rate), followed later by more sophisticated techniques, such as sialochemistry. 28 Despite the fact that a voluminous amount has been published in this field, an investigation about the secretory function of the salivary glands in patients with FA is still lacking.
This study revealed that SSFR was significantly diminished in FA patients (P<0.05). Yalman et al 29 found an altered salivary flow rate in FA children who received bone marrow transplantation too. The reason for the reduced saliva flow rate is not clear, but the present findings might indicate that the reduced secretion may be associated with the pathogenesis of the disease, such as the genetic expression of regulatory components.
Accumulation of plaque and an increase in the number of microorganisms in the saliva may be expected when the salivary secretion rate is low. 30 Meanwhile, clearance of carbohydrates from mouth appears to be the most important function of the saliva with respect to the caries. 31 Besides, all therapies used in FA treatment involve drugs prescription. The effects of certain medications that can potentially reduce the salivary flow rate have been confirmed. 32 Xerostomia (oral dryness) is defined as the subjective sensation of dry mouth. This condition may be caused by a reduction of salivary flow rate or an alteration in salivary composition. 24 Other hypothesis suggests that the sensation of a dry mouth is perceived when there is insufficient mucosal wetting, especially of the palate. 33, 34 When hyposalivation occurs, a number of essential functions are impaired and may result in difficulties in chewing, swallowing, and speech. 24 In the present study, all FA patients showed lower SSFR values. Nevertheless, only 24 (70.58%) patients were classified as positive for hyposalivation. Despite this low salivary flow rate in FA patients, none of them had related complaints of oral dryness in their anamnesis. Besides, during intrabuccal examination, no FA patient had showed clinic sign of lips and oral mucosa dryness. Probably, even so the salivary flow rate is lower; FA patients achieve to keep moist all oral anatomic regions.
Human salivary secretions are supersaturated with respect to calcium. 35, 36 Besides, salivary calcium and total protein concentrations increase physiologically while salivary flow rate decreases. 28 Meanwhile, this correlation was not observed in FA patients. Salivary concentration of calcium was significantly lower in FA patients. This lower salivary calcium concentration can be attributed to poor absorption of the diet during digestion. Causes of poor intake include gastrointestinal abnormalities, chronic inflammation or infection, medication side effects, and/or neurologic abnormalities or behavioral problems. 37 Approximately, 14% of FA patients can exhibit some congenital malformations in the gastrointestinal tract. 38 The literature has showed many cases of FA which patients developed gastrointestinal atrophy involving esophagus, duodenum, jejunum, and anus. 3, 38, 39 Besides, the regulation of serum calcium levels occurs in the kidneys influenced by parathyroid hormone. This hormone stimulates bone calcium liberation to the serum to normalize the concentration in blood. 40 Thus, it would be necessary to develop new studies to compare the concentrations of serum and salivary calcium concentrations with parathyroid hormone in FA patients.
Saliva is the main source of urea for the bacteria of dental plaque. 41 This organic substance can physiologically maintain salivary pH close to normality. 42, 43 This rise has been attributed to the formation of ammonia by the ureolytic activity of the plaque bacteria. Reduced salivary flow rate associated to the low levels of urea may cause severe caries and mucosal inflammations. 44, 45 This study revealed lower salivary urea concentration in FA patients. This change in salivary urea concentration can be probably associated to impairment of liver and/or renal problems considering that 34% of the FA patients show renal problems and is at an increased risk of hepatic neoplasias. 5, 38 No significant changes were observed in salivary amylase and total protein concentration. This fact could support the hypothesis that FA is unable to interfere in acinar function responsible for the production of proteic components of saliva. These results can be justified because high-weight molecular proteins, such as amylase, are equivalent between the groups and interfere in protein analysis. This fact was already observed in others' salivary studies in patients with other systemic diseases. 12, 46 Unfortunately, one limitation of our study is that spectrophotometry used to analyze these salivary organic components is not that precise when compared with electrophoresis and chromatographic techniques. Thus, future investigations should be conducted to monitor possible changes in salivary proteins associated with the FA.
Salivary variables, such as those examined here, have been used to evaluate principally the risk of development of dental caries. Thus, before the FA treatment is begun, it is important that the patient visit his or her dentist for a dental evaluation. The dentist needs to inform the patient that more frequent recall appointments will probably be necessary during and after the treatment is completed to determine any oral change that require clinical intervention (eg, candidiasis and dental caries). In addition, many FA patients may have upper extremity deformities that interfere with maintenance of daily oral hygiene. In such cases, the parents should be given the responsibility for daily brushing and flossing due to hyposalivation associated to dietary analysis and counseling.
CONCLUSIONS
On the basis of the findings of this study, it can be suggested that FA is able to induce significant reduction in the SSFR and levels of calcium and urea. Thus, dental care and preventive caries programs should be provided during medical therapy of FA to maintain oral health of the patients.
